Multi-resistant to extreme factors spore-forming bacteria o f Bacillus genus are iso lated from hypersaline environments o f the Crimea (Ukraine) and the Dead Sea (Israel). Phylogenetic analysis showed distinction o f dominating extremophilic culturable species in studied regions. In Crimean environments they are B. mojavensis and B. simplex, in the Dead Sea ecosystem -B. subtilis subsp. spizizenii, B. subtilis subsp. subtilis, B. licheniformis and B. simplex. Isolates are simultaneously halotolerant and resistant to UV radia tion. Strains isolated from the Dead Sea and the Crimea environments were resistant to UV: LD90 and LD9999 made 100-170 J/m2 and 750-1500 J/m2 respectively. Spores showed higher UV-resistance (LD9999 -2500 J/m2 ) than the vegetative cells. However, the number o f spores made 0.02-0.007% o f the whole cell population, and should not significantly affect the UV LD9999 value. Isolates o f both environments were halotolerant in the range o f 0.1-10% NaCl and thermotolerant in the range o f 20-50 °C, and didn t grow at 15 °C. Survival strategy o f spore-forming bacteria from hypersaline environments under high UV radiation level can be performed by spore formation which minimize cell damage as well as efficient DNA-repair systems that remove damages. K e y w o r d s. Hypersaline environments, Bacillus, phylogenetic analysis, UV-resistance, halotolerance.
Under natural conditions, microorganisms from diverse environments exist under the influence o f numerous extreme physical, chemical and climatic factors. Previously, we studied the effect o f extreme factors such as UV radiation, high temperature and salinity on psychrotolerant bacteria of polar region (Antarctica) and identified resistant and sensitive strains [2, 3] . In the current work microbiological studies are expanded to steppe and desert regions possessing extreme natural conditions -hypersaline environments o f Crimea (Ukraine) and the Dead Sea (Israel). The aim the study is to determine the taxonomic position of spore-forming bacteria isolated from hypersaline environments o f Crimea and the Dead Sea, describe and compare their resistance to extreme factors. We hypothesized that aboriginal m icrobial habitats could perform environments-specific resistance to abiotic factors and form an adaptive response to their action -halotolerance, thermotolerance, resistance to UV radiation. M aterial and m ethos. Research objects were the microbial strains of hypersaline environm ents o f Crimea (mineral therapy m ud o f estuary lakes near Saki and Pribrezhnoe settlements) and the Dead Sea (mineral therapy mud and clay-salty cliffs), isolated at 42°C. For isolation and cultivation o f bacteria was used Nutrient Agar medium (NA), HiM edia Laboratories Pvt. Ltd. adding 50 mg/L o f pharmaceutical nystatin to suppress the growth of filamentous fungi.
Isolation o f dominant bacteria. To identify dominant bacteria serial tenfold dilutions (10"2-10's) o f natural sample inoculum were seeded on solid nutrient medium. The dominant strains were isolated from the last sample dilutions (10-5-1 0 -7) performing 5-10 separate colonies per plate.
Isolation o f pure cultures was carried out by conventional methods [1] inoculating Petri dish with serial tenfold dilutions o f microbial suspensions (0.1 ml), growing on solid medium, subsequent selection o f individual colonies and their reisolation. The culture purity was checked by microscopy.
M orphological and cultural properties. Cell morphology (shape, size, mobility, and spores) was studied by standard microscopy methods o f living and Gram-stained preparations [1] . Spores were detected by negative staining Peshkov method [1] . Strain cultural properties (pigmentation, water-soluble pigment and extracellular mucus pro duction, texture and size o f the colonies, the presence o f air and substrate mycelium etc.) were determined by culturing (42°C) on agar nutrient medium (NA). The temperature range of extremophilic strain growth was studied using liquid NB medium in 10 ml tubes. The strains were cultured at 10-70°C for 2-5 days in stationary conditions. Visual changes, lag phase duration, rate o f biomass production and growth patterns were recorded and assessed with 1-3-day intervals.
Halotolerance was studied on NaCl concentration range (0.1-250 g/L) by plating strain onto agar media containing listed NaCl concentrations. After inoculation, the plates were incubated at an optimal growth temperature. Results were assessed after 2-10 days o f growth.
UV-resistance (UV-C) was determined as described previously [2] . Spore UVresistance was studied on heated bacterial suspensions [1] . For this purpose, diurnal (24-hour) and 4-day bacterial suspensions in sterile vials were heated in a water bath (20 min, 100°C) [1] . Next active non-pasteurized (active cells and spores) and heated pasteurized (sole spores) suspensions were seeded onto plates with nutrient agar and exposed to UV-radiation. Survival rate was estimated both for active bacterial popula tion and spores by method described in [2] .
R esults an d discussions. Strains o f spore-forming bacteria are isolated from hypersaline environments o f the Crim ea and the Dead Sea regions. 6 dominating isolates (Table. 1) were selected for identification o f taxonomic position and study their resistance to extreme factors typical to specified ecosystems T a b le 1. L ist of dom inating strains and sam pling sites
Isolate No
Sampling site (region, environment)
Crimea (Ukraine) 2s1
Black mineral therapy mud, saline lake (Saki settlements) 3s2
Black mineral therapy mud, lake Sasyk (Pribrezhnoe settlements) the Dead Sea (Israel) 7t1,7t2
Black mineral therapy mud 1t3, 1t4
Saline clay formations from the cliff All isolates were gram-positive, spore-forming, aerobic chemoorganotrophic bac teria. Oval-shaped endospores did not inflate cell and In the comparative analysis (Table 2) for each o f the isolates three m ost close related strains are offered. Most isolates had approximately equal level o f pairwise similarity with several related strains (species). Therefore in Table 2 related species that comply with the most close species, obtained in the result o f the following phylogenetical analysis (Fig. 1 ) are pointed out (*). N R 0 4 2 6 3 8 [B reviba cterium ] halotoleran s D S M 8 8 0 2 T  2s 1  N R 0 2 4 6 9 3 B. m o ja ven sis IF 0 1 5 7 1 8 T  713  N R 0 2 7 5 5 2 B. subtilis subsp. subtilis D S M 10T  r N R 102783 B. subtilis subsp. subtilis 168T  s N R 0 4 1 4 5 5 B. am yloliquefaciens N B R C 15535T  P-N R 0 7 5 0 0 5 B. am yloliquefaciens F Z B 4 2 T  N R 0 24696 B. vallism ortis D S M 1 1 0 3 1 T  N R 0 7 5 0 16 B. atrophaeus 1942  N R 0 2 4 6 8 9 B. 
1t3 N R 024931 B. subtilis subsp. spizizenii N R R L B -23049T

atrophaeus J C M 9 0 7 0 T i 7t1 A J 582721 B. licheniform is R -1 3 5 7 7 l N R 0 7 4 9 2 3 B. licheniform is A T C C 14580T -N R 0 4 2 3 3 8 B. aerius 2 4 K T L N R 0 2 5 1 3 0 B. so n o ren sis N R R L B -23154 m 3 s2 K F 4 7 8 1 9 6 B . sim plex C L R 3 J X 5 1 7 2 2 5 B. sim plex A 1-25c-12 A J 6 2 8 7 4 7 B. sim plex LM G 17636 N R 0 4 2 6 3 9 [B revibacterium ] frigoritolerans D S M 8 8 0 1 T -N R 0 4 2136 B. sim plex D S M 1321T N R 0 4 4 1 7 0 B. b u ta n o livo ran s K 9 T N R 0 4 2 0 8 3 B. m uralis LM G 20 2 3 8 T -N R 0 4 0 7 9 3 B. psychrosaccharolyticus A T C C 23 2 9 6 T
«.»«5 (strains 1t3, 1t4, 7t1,  7t3) . The spore-forming bacteria from the hypersaline lakes o f Crimea could be assigned to the following species: 2s1 -to B. mojavensis, 3s2 -to B. simplex (Fig. 1, Table. 2). The spore-forming thermotolerant bacteria from the Dead Sea ecosystems could be assigned to the species, as follows: 1t3 -to B. subtilis subsp. spizizenii, 1t4 -to B. sim plex, 7t1 -to B. licheniformis and 7t3 -to B. subtilis subsp. subtilis (Fig. 1, Table. 2). Thus in the studied hypersaline lakes the Bacillus species are dominating.
Fig. 1. Phylogenetic tree developed by NJ method (ClustalX 2.1, Mega v. 6.00 soft ware) basing on 16S rRNA sequences of strains Bacillus isolated from hypersaline environments of Crimea (strains 2s1 and 3s2) and the Dead Sea
Resistance to extreme factors. The resistance to UV radiation o f the bacteria, dominating in the hypersaline ecosystems o f Crimea and the Dead Sea, has been studied. All studied spore-forming bacteria showed resistance to UV radiation (Fig. 2) .
To compare the sensibility to UV o f different monocultures from the hypersaline lakes o f Crimea and the Dead Sea, on the dose curves representing the dependance of Note. The legend numbers marked strains the quantity o f survived cells from the UV doses, we calculated LD90 and LD99 99 -the UV doses that cause death o f 90% and 99.99% o f the cells accordingly ( Table 3 ). The lethal UV doses (LD90 and LD99 99) for the spore-forming strains o f the Bacillus genus made respectively 100-170 and 750-1500 J/m2. As follows from the data presented in Table 3 the studied strains were growing in the range o f NaCl concentration 0.1-10%, strain 3s2 was the exclusion (it was growing at presence of 0.1-5% NaCl). Thus, strains, isolated from the hypersaline Crimea and the Dead Sea ecosystems belong to moderate halophylic (halotolerant) bacteria. This group typically includes microorganisms growing at presence o f 3%-15% NaCl [6] . Temperature range of growth for isolated bacteria was studied ( Table 3 ). The strains were incubated on the liquid medium in the test-tubes under stationary conditions. The growth was observed in the form o f dense, rugous film, or in the form o f thin crumbly smooth film. All the studied strains were growing in the range o f 20-50°C and can be considered as thermotolerant. Upper and lower temperature limits are 55°C and 15°C. At 55°C the single strain possessed ability to grow; at 15°C growth was not observed.
During analysis o f the UV impact on the survival o f spore-forming bacteria from hypersaline ecosystems o f Crimea and the Dead Sea we were taking into account, that the damage minimization under the UV radiation could be provided by spore formation. For instance Bacillus subtilus spores are protected by a thin protein layer from the damaging effect o f UV-B and UV-C and solar UV. Layer-free mutants were very sensitive to these factors [4] . Bacillus subtilus spores include DNA-bound protein ISSN 0201-8462. MKpoôioj. xypH., 2015, T. 77, № 6 protecting the spore DNA from the brakes induced by UV or desiccation [5] . Therefore appeared a question whether the survival o f studied spore-forming bacteria under the UV radiation could be supported exclusively by high resistance o f spores?
Thereby we studied separately UV spores and active cell population. Spore selection was carried out by heating active strain population at 100°C. The results showed (Fig. 3) that number o f spores is 4-5 orders lower than the general number o f the active cells; spores make 0.02-0.007 % of the total cell population ( (Fig. 4) . The 4-day culture was more sensitive to UV than a 1-day one (Fig. 4 , Table 4 ). This may be connected to lower physiological activity of «old cultures» (4-days) cells. It was shown that for the spores the lethal dose o f UV (LD99 99) was practically twice higher comparing vital populations independently on their age (Table 4) (Table 4) could not make a significant impact on the UV lethal dose (LD99 99) for the whole cell population where vegetative cells make 99.980-99.993% . The similar results were obtained other isolated Bacillus strains.
Apparently, the survival strategy o f the studied spore-forming bacteria under the effect of UV radiation (DNA-damaging factor) is provided by the damage minimizing mechanism (spore presence) and the effective mechanism of DNA damages reparation. Basing on main autecology principles (study impact o f external factors on the viability o f the whole cell population), at the evaluating action o f certain extreme factor, the main indicator is survival rate of the whole population independently on variety of 
